The insulin-induced genes (insig-1 and insig-2) played important roles in adipocyte differentiation and lipogenesis. To determine the breed, gender and anatomic location-specific expression patterns of insig-1 and insig-2, we measured their mRNA abundances in different adipose tissues from male and female pigs for leaner and fatty breeds using a qRT-PCR approach. In accordance with the wellcharacterized role of insig-1 and insig-2 in promoting fatty acid synthesis, we found that, compared with the leaner breed, the fatty breed had the higher mRNA abundances of the two genes. The subcutaneous adipose tissues with the higher adipocyte cell diameters showed the higher mRNA abundance for the two genes compared with the mRNA abundance in the visceral adipose tissues. The clear positive correlation between adipocyte cell diameter and mRNA abundance of insig-1 and insig-2 also highlighted their critical roles in adipose deposition. These results suggested that insig-1 and insig-2 were related to porcine adipose deposition and are thus potential candidate genes for the pig fat mass trait.
INTRODUCTION
Insulin-induced (insig) genes Yang et al., 2002) play important roles in adipocyte differentiation and lipogenesis associated with SREBP-SCAP complexes. Two isomers of the insig protein, insig-1 and insig-2, which have a distinct metabolic role in lipogenesis, have been identified (Herbert et al., 2006) . In sterol-excess cells, sterols induce the binding of SREBP-SCAP complexes to insig-1 or insig-2, thus declining cholesterol synthesis Yang et al., 2002) . This may allow the fine-tuning of lipogenesis processing under conditions of widely varying sterol supply and demand. Moreover, previous reports indicated that the insig genes are related to diet-induced obesity, *Corresponding author. E-mail: xuewei.li@sicau.edu.cn. Tel: +86-835-2886000. Fax: +86-835-2886080. plasma glucose concentration (Krapivner et al., 2007) , body weight regulation (Krapivner et al., 2008) and triacylglycerol (TAG) metabolism (Takaishi et al., 2004) . Research also revealed that insig-overexpressing rats would present a reduction in lipogenesis.
Subcutaneous adipose tissues (SATs) have been recognized to be anatomically, functionally, and metabolically distinct from visceral adipose tissues (VATs). SATs have been considered to be of great benefit because of their role in glucose homeostasis and energy consumption, while, central VATs are associated with obesity which is associated with various health risks including type II diabetes, hypertriglyceridemia, cardiovascular mortality and other metabolic syndromes (Pischon et al., 2008; Postorino et al., 2011) .
Here, we measured changes in the mRNA abundance of insig-1 and insig-2 across three SATs and three VATs from two pig breeds with distinguishable fat levels.
MATERIALS AND METHODS

Sample collection and measurement
Nine female and nine male pigs at 210-days-old of the Landrace (a leaner, Western breed) and Rongchang (a fatty, Chinese breed) pig breeds were used in this study. Pig body density (kg·l -1 ) was calculated as described previously (Sebert et al., 2005) . Six divergent adipose tissues were collected from each animal. The upper (ULB) and inner (ILB) layer of backfat, and abdominal subcutaneous adipose (ASA) tissue are typical SATs. Greater omentum (GOM), mesenteric adipose (MAD) and retroperitoneal adipose (RAD) are located within the abdominal cavity and they represented the VATs in this study. The adipocyte cell diameters were measured for each adipose tissue as described previously (LI et al., 2008) .
Animals were allowed access to feed and water ad libitum under the same normal conditions and were humanely sacrificed as necessary to ameliorate suffering. Adipose tissues were dissected immediately after sacrifice, frozen in liquid nitrogen, and stored at -80°C.
Quantitative real-time PCR (qRT-PCR)
Total RNA was isolated from the adipose tissues using TRIzol regent (Invitrogen, Carlsbad, CA) according to the manufacturer's protocol.
Total RNA was reverse transcribed to cDNA using the oligo (dT) and random 6-mers primers provided in the PrimeScript RT Master Mix kit (TaKaRa, Dalian, China), following the manufacturer's recommendations. q-PCR was performed using the SYBR Premix Ex Taq kit (TaKaRa, Dalian, China) on a CFX96 Real-Time PCR detection system (Bio-Rad, Richmond, CA). Primer sequences used for the q-PCR are shown in Table 1 .
All measurements contained a negative control (no cDNA template), and each RNA sample was analyzed in triplicate. Relative expression levels of the target mRNAs were calculated using the ΔΔCt method.
RESULTS
Compared with the leaner Landrace pigs, the fatty Rongchang pigs showed the higher adipocyte cell diameter (~1.16 fold) and lower body density (~0.82 fold, Table 2 ), which is consistent with the known breed characteristics. The mRNA abundances of insig-1 (~2.06 fold, P = 0.006) and insig-2 (~1.37 fold, P = 0.020) were higher in the fatty breed than in the leaner breed ( Figure  1 ).
This result is in accordance with a previous report that found an about 4-fold increase of insig-1 mRNA in the adipose tissue from rats fed a high-fat diet compared to the normal control group (Li et al., 2002) .
Although the female pigs had a higher adipocyte cell diameter (~1.15 fold, P <0.001) than the males, the male and female pigs exhibited similar body density in both breeds (Table 2 ). There were also no significant differences in the mRNA abundance of insig-1 and insig- 2 between the genders (Figure 1) , and this suggested gender difference was not a significant factor in the regulation of insig-1 and insig-2 expression.
As expected, the SATs (ULB, ILB, ASA, ~73 μm) exhibited higher adipocyte cell diameter than with the VATs (GOM, MAD, RAD, ~69 μm) (Table 2) , highlighting the distinct differences between them. In accordance with the well-characterized roles of insig-1 and insig-2 in the promotion of fatty acid synthesis, the SATs with the higher adipocyte cell diameter had the higher abundance of insig-1 (~1.58 fold, P = 0.055) and insig-2 (~1.26 fold, P = 0.076) genes than the compartmental VATs ( Figure  1 ).
In addition, the mRNA abundances of insig-1 (r = 0.538, P = 6.7 × 10 -3 ) and insig-2 (r = 0.366, P = 0.079) had a clear positive correlation with the adipocyte cell diameter (Figure 2) , highlighting the critical roles of insig-1 and insig-2 in adipose deposition .
DISCUSSION
The fact that the fatty Rongchang pigs showed higher adipocyte cell diameter than the leaner Landrace pigs was quite related to initial breeding objectives, and this was consistent with the result that the fatty breeds exhibited higher mRNA abundances of insig-1and insig-2. Previous reports proved that insig-1 and insig-2 can promote fatty acid synthesis (Andreasen et al., 2008) and insig-2 has been found to be involved in body weight regulation (Krapivner et al., 2008) .
Notably, the SATs demonstrated higher adipocyte cell diameter as well as the higher abundance of insig-1 and insig-2 genes than the VATs. Between the two types of adipose tissue from the different anatomic sites, VATs showed more sensitivity to lipid levels in cases of over cholesterol-induced metabolic diseases. Previous findings reported that the insig genes assemble in subcutaneous adiposity in young adult women (Orkunoglu-Suer et al., 2008) . Our results indicate that SATs and VATs not only have anatomic differences, but also have metabolic and functional distinctions. In summary, these results suggest the changes in the mRNA abundance of insig-1 and insig-2 are related to porcine fat deposition; thus insig-1 and insig-2 are potential candidate genes for the pig fat mass trait.
